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I 
Among the liveliest narratives of emergent modernity is the story of 
how Tycho Brahe (1546-1601), Imperial Mathematician at the court of 
Rudolph II, struggled to reconcile his incomparably precise observations 
of planetary orbits with a geocentric cosmos by producing increasingly 
complex models of the cosmos involving epicycles, epicycles-within- 
epicycles, and other sophisticated mechanisms to account for the pecu- 
liarities of planetary motion. For every specific problem that arose, he 
developed another ingenious solution, and with every solution, there 
arose further problems. None of these was more intractable than the orbit 
of Mars, study of which Brahe assigned to his young assistant, Johannes 
Kepler (1571-1630), who had previously grappled with similar problems 
as regards Mercury. As Brahe’s observations detailed, planets—and no 
other heavenly bodies—seemed to move forward at some times, then re- 
versed direction for a period, only to move forward again in a “retro- 
grade” pattern incompatible with the geocentric model of Ptolemy (which 
Brahe was working to modify and salvage), but equally incompatible with 
the rival heliocentric model of Copernicus, which Kepler favored. For 
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both models followed Aristotle—and a certain theological sensibility— 
in maintaining that the motion of all heavenly bodies should be circular, 
continuous, smooth, and perfect. 

Only after Brahe died in 1601 and Kepler succeeded him as Imperial 
Mathematician (a position he held until 1612) was the latter able to study 
all his predecessor's detailed records, scrutiny of which led him to realize 
that to resolve this conundrum it was necessary to reject both of the avail- 
able systems and rethink things in radical fashion. Thus, in his Astronomia 
Nova (1609), Kepler first theorized that heavenly orbits were elliptic, and 
not circular, which permitted him to understand their motion as smooth 
and unidirectional with reference to the sun, and to locate the sun at one 
focal point of the ellipses, rather than making it the absolute center of 
perfect circles. Given that the other planets are observed from an earth 
no longer taken to be stable, but now understood to itself travel an ellip- 
tical course in a heliocentric system on the same plane as the others, the 
motion of the planets thus seems to turn retrograde when the earth passes 
them, but this illusion is the effect of the earthbound observer's shifting 
perspective and does not accurately depict the actual pattern of planetary 
motion.! 

This is the story that Thomas Kuhn put at the center of his own land- 
mark contribution, The Structure of Scientific Revolutions (1st ed., 1962), 
in which he developed the notion that “normal science” proceeds by rela- 
tively routine problem solving until such time as research identifies 
“anomalies”—like the vagaries of retrograde planets—that cannot be ex- 
plained on the basis of extant knowledge and theory. Recognition of such 
anomalies and repeated failure to resolve them plunge normal science 


! This narrative has been recounted endlessly, always in heroic fashion and always as a 
hallmark of the rupture between science and religion, reason and faith, individual genius and 
Church authority, the modern and the medieval. Among recent retellings, note, e.g., Elizabeth 
Spiller, Science, Reading, and Renaissance Literature: The Art of Making Knowledge, 1580- 
1670 (Cambridge: Cambridge University Press, 2004); Kitty Ferguson, The Nobleman and His 
Housedog: Tycho Brahe and Johannes Kepler, the Strange Partnership That Revolutionised 
Science (London: Review, 2002); Juan Luis Garcia Hourcade, La rebellion de los astrónomos: 
Copérnico y Kepler (Madrid: Nivola Libros Ediciones, 2000); John Robert Christianson, On 
Tycho’s Island: Tycho Brahe and His Assistants, 1570-1601 (Cambridge: Cambridge Uni- 
versity Press, 2000); Job Kozhamthadam, The Discovery of Kepler’s Laws: The Interaction 
of Science, Philosophy, and Religion (Notre Dame, IN: University of Notre Dame Press, 
1994); Owen Gingrich, The Eye of Heaven: Ptolemy, Copernicus, Kepler (New York: 
American Institute of Physics, 1993); Henriette Chardak, Kepler, le chien des étoiles (Paris: 
Librairie Séguier, 1989); Edward Rosen, Three Imperial Mathematicians: Kepler Trapped 
between Tycho Brahe and Ursus (New York: Abaris Books, 1986). For less conventional 
variants and attempts to spice up the familiar story, see Joshua Gilder and Anne-Lee Gilder, 
Heavenly Intrigue: Johannes Kepler, Tycho Brahe, and the Murder behind One of History’s 
Greatest Scientific Discoveries (New York: Doubleday, 2004); and James A. Connor, Kepler’s 
Witch: An Astronomer 's Discovery of Cosmic Order amid Religious War, Political Intrigue, 
and the Heresy Trial of His Mother (San Francisco: Harper San Francisco, 2004). 
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into a period of "crisis," in which scientists are obliged to rethink the 
foundational assumptions Kuhn called “paradigms.” And, as he came to 
argue, there was nothing inherently abnormal, unnatural, or monstrous 
about an anomaly. Rather, anomalies are constituted as such precisely be- 
cause they contradict the expectations of accepted wisdom. Properly under- 
stood, anomalies are diagnostic and useful, for their intractably aberrant 
features reveal the blind spots and inadequacies in conventional knowl- 
edge, and they serve as signposts for further inquiry, debate, and progress. 
Anomalies thus provide impetus to the whole process, forcing “paradigm 
shifts” that improve theory and render the former aberration comprehen- 
sible as an orderly, natural part of a world now more perfectly understood.” 

In the rest of this article, I want to explore how Zoroastrian cosmology 
responded when it was forced to take account of the same perplexing 
aberrations in planetary motion that worried Brahe, Kepler, and others. 
This occurred in the latter part of the Sassanian dynasty (226-651 CE), 
when Greek and Indian astronomical writings made their way to the 
Persian court.? Newly introduced from outside, these data posed a chal- 
lenge to established Persian wisdom no less grave than they did when they 
were introduced in Europe a millennium later by way of Islamic sources.* 
What is more, they did so by striking at much the same vital issues: the 
relation of heaven and earth, nature as orderly or chaotic, and the design 
of the cosmos as an index of God’s plans for his creation. Further, the 
ways Sassanian intellectuals modified prior cosmological theory in order 
to take account of the planets and related phenomena were no less subtle 
or ingenious than those of Kepler and his successors, for all that they dif- 
fered strongly in their style and content. Ultimately, it is this difference 
that most intrigues me, for here, I suggest, we can perceive the categorical 
divide between the alternative styles of thought, speech, sentiment, habit, 
orientation, and purpose that modernity organized in its binary contrast 
of “religion” and “science.” What I hope to explore, then, is the relative 
immunity of certain cosmologies to a crisis provoked by aberrant data and 
the almost limitless capacity of systems we might call religious, pre-, or 
nonscientific to adduce evidence and arguments that reinforce the systems’ 
presuppositions, recuperating even those phenomena that other (more 
"scientific") styles of cosmology will construe as threatening anomalies. 


? Thomas S. Kuhn, The Structure of Scientific Revolutions (Chicago: University of Chicago 
Press, 1962; 2nd ed., 1970; 3rd ed., 1996). 

5 For a general summary, see Ch. Brunner, "Astronomy and Astrology in the Sassanian 
Period,” in Encyclopaedia Iranica (London: Routledge & Kegan Paul, 1987), 2:862-68, 
esp. 867. 

* For Copernicus's use of Islamic astronomical sources, see George Saliba, Islamic 
Science and the Making of the European Renaissance (Cambridge, MA: MIT Press, 2007), 
which also contains a superb discussion of the way Islamic cosmologists struggled to account 
for planetary motion. 
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I 


Older Iranian cosmology (i.e., that attested in the Avesta) gave a relatively 
simple account of the celestial regions, recognizing three different levels 
of the heavens, with the stars occupying the lowest position, followed 
by moon and sun. Occasionally a fourth level, that “of endless lights” 
(anayranam raocanam), is set beyond the sun,° and one rather baroque 
passage imagines nine different levels, four sub- and four superlunary.’ 

Always, however, the stars are lowest, and this is noteworthy since 
such placement contradicts the evidence of eclipses, which reveal the 
moon to be nearer the earth than either the sun or stars.? Organization 
of the system rests, then, not on empirical observation but on a religious 
homology so powerful as to obviate the need for close reading of the 
phenomena themselves. Thus, luminosity and height are imagined to 
covary, such that the more light a body possesses (or seems to possess), 
the loftier it must be: Sun above Moon, Moon above Stars, Stars above 
Earth, Earth above Hell. Celestial light is further correlated with wisdom, 
virtue, divinity, and beauty; darkness, with the opposite qualities. 

The model is clear, logically consistent, and emotionally satisfying, if 
a bit simple and static. In truth, only two Avestan passages show interest 
in the motion of heavenly bodies, and the first of these (Yast 13.57—58) 
asserts that such motion was not part of the Wise Lord's original plan for 
creation. 


We sacrifice to the fravasis (i.e., preexistent souls) of the righteous, 
who showed their paths 

to the stars, moon, sun, 

and endless lights, 

all of which previously stood in the same place 

for a long time, not moving forward. 

[That was] before the enmity of the demons, 


5 Yasna 2.11, 3.13, 4.16, 7.13; Yast 10.145, 12.25; Videvdát 2.40 and 7.52 list these realms 
in ascending order (stars, moon, sun). Yast 13.16 and Vīdēvdāt 9.41 move from the top down 
(sun, moon, stars), but the picture is the same in either case. The only relevant passage of the 
Older Avesta (Yasna 44.3) shows neither of these patterns but first names “the path of sun 
and stars" (xvdng strámca . . . adwanom) and then speaks of the moon and its phases (ko ya 
mà uxásiieiti norofsaiti). The fullest discussion of this system and its historic origins is Anto- 
nio Panaino, *Uranographia Iranica I: The Three Heavens in the Zoroastrian Tradition and 
the Mesopotamian Background,” in Au carrefour des religions: Mélanges offerts à Philippe 
Gignoux, ed. Rike Gyselen, Res Orientalis 7 (Paris: Groupe pour lÉtude de la Civilisation 
du Moyen-Orient, 1995), 205-25. 

Thus Yasna 1.11, 1.16, 71.9 and Vidévdat 11.1—2, 11.10. 

? Yast 12.2935, which lists in ascending order (1) stars that contain the seeds of water, 
(2) stars that contain the seeds of earth, (3) stars that contain the seeds of plants, (4) stars that 
contain the Good Mind, (5) the Moon, which contains the seeds of cattle, (6) the Sun, pos- 
sessed of swift horses, (7) the Endless Lights, (8) the Best Existence, (9) the House of Song. 

8 Panaino, “The Three Heavens in the Zoroastrian Tradition,” 210 and passim. 
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before the assaults of the demons. 

But now they move forward 

to the distant turning point of the way, arriving at the turning point of the way, 
which is the final Renovation [fraso.karati].° 


Elsewhere, Zoroastrian texts narrate in detail how the Evil Spirit 
(Avestan: Anra Mainiiu; Pahlavi: Ahriman) led a host of demonic powers 
against the pristine creations of the Wise Lord (Avestan Ahura Mazda, 
Pahlavi Ohrmazd), introducing strife, mixture, confusion, mortality, fear, 
and other hallmarks of existence as we know it. This Assault produced 
a rupture, not only in the nature of being but also in the nature of time, 
replacing an unchanging eternity (“infinite time," zrwan akarana) with 
a period of turbulence and struggle (“long time,” zrwān daraya).!° And 
in that moment when demonic aggression made the celestial bodies start 
rotating, history proper began. 

History, however, is finite, and some millennia hence the forces of 
good will vanquish all demonic powers in definitive fashion. At that point, 
the world’s original perfection will be restored in a complex set of events 
known as the Fraso.karati (“Renovation” or, more literally, “Wonder- 
making") and a final (or eschatological) eternity will begin. The passage 
just quoted thus organizes time, nature, and morality in a set of binary 
contrasts (table 1). 

One other Avestan passage adds a detail to this picture. This is Yast 8.8, 
which occurs in a hymn devoted to the star Sirius (TiStrya), whom the 
hymn elsewhere describes as “lord and supervisor of all stars."!! The 


? Ya&t 13.57: afaunam... yazamaide 
yà stram mágho hüro 
anayranam raocapgam 
pa00 daésaiion ašaonīš 
yoi para ahmat hame gatuud daroyom 
hiStonta afrasimanto 
daévanam paro tbaéSanhat 
daévanam paro draomohu. 
58 āat te nüram frauuazonti 
diraéuruuaésom aówano uruuaesom nāšəmna 
yim fra&o.korotoit vanhuiia. 


Compare Greater Bundahisn 2.17 (TD2 MS 29.12-15): "Until the coming of the Adversary's 
Assault, the moon, sun, and stars stood still and did not move. Time ever passed in pure 
fashion [abezagihà] and it was always noon. Then, from the coming of the Adversary’s 
Assault, they were set in motion [which will continue] until the End" (tà madan i ébgat mah 
ud xwarsed aweSan staragan estad ne raft hend. ud abézagiha zaman hamé widard ud ham- 
war némroz būd. pas az madan i ebgat o rawisn estad hend ud tà frazam). 

10 In Avestan texts, "infinite time" appears at Vidévdat 19.9 and “long time" at Yast 13.53, 
19.26, Yasna 62.3. The two are set in contrast at Yasna 72.10, Vidévdat 19.13, and Nyayis 
1.8, although in these passages finite historic time is designated “time of the long dominion” 
(zruuàn daroyo.xaóata). 

11 Yast 8.44: "ratüm paiti.daémca vispaéSam staram.” 
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TABLE 1 
CORRELATED BINARY OPPOSITIONS IN Yast 13.57—58 


Moral and Physical 


State of Creation Perfect Mixture of Good and Evil 
Relations among creatures Peace, harmony Conflict 
Nature of time Eternity (primordial and final) Historic, finite 
Nature of celestial bodies Stable, unmoving Rotating 


verse of interest to us, however, suggests a contrast between the real, 
proper, good stars and another, more ominous, set of celestial bodies, 
against which Sirius struggles. 


We sacrifice to Sirius, 

who conquers witches [pairikàs], 

who subdues witches 

that hover between earth and sky 

in the form of shooting-stars [literally “worm stars,” stard karamd].!? 

As Antonio Panaino has shown, the sinister shooting stars in question 
are to be understood as the seasonal meteor showers of late summer, 
associated with the period of drought that normally ends when Sirius 
gains ascendance and the meteor showers desist.? The image thus aligns 
another set of binary oppositions—Sirius versus the meteors, the moist 
versus the dry, healthy versus unhealthy times of the year, divine versus 
demonic forces—giving particular stress to the contrast between two dif- 
ferent forms of celestial motion. Thus, where Yast 13.57—58 associates 
stasis with perfection and rotation with the mixed state, Yast 8.8 contrasts 
the normal rotation of stars like Sirius, which it takes to be good, and the 
unpredictable motion of meteors falling from heaven to earth, theorized as 
decidedly evil (table 2). Of planets, however, the Avesta has nothing to say. 


Il 


Within a Zoroastrian context, the planets first appear in Pahlavi texts that 
were committed to writing in the ninth century CE, but drew on scien- 
tific initiatives of the Sassanian dynasty, particularly those of Xusrow 
Ano&irwan (reigned 531-78 CE), a king who was particularly concerned 


12 Yast 8.8: Tistrim stàram raeuuantam. 
x'aranaguhatam yazamaide 
yo pairiká tauruuaiieiti 
yo pairiká titárayeiti 
yd stáro karamá patanti 
antara zqm asmanamca 
13 Antonio Panaino, Tistrya (Rome: Istituto Italiano per il Medio ed Estremo Oriente, 
1990-95), 1:97, 2:1, and 19-23. 
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TABLE 2 
CORRELATED BINARY OPPOSITIONS IN Yast 8.8 


Moral and Physical Ideal, Troubled, 
State of Creation Ohrmazdian Ahrimanian 

Time of year Rainy season Dry season 

Quality of existence Moist, Conducive to the Dry, Threatening death 
flourishing of life and sterility 

Nature of celestial motion Regular rotation of sun, Unpredictable downward 
moon, and stars motion of shooting stars 

(*Witches") 


to acquire Greek and Indian scientific texts.!^ Certain mathematical details 
make clear the Indic influence on Sassanian astronomy, as David Pingree 
demonstrated, ? and some of the Middle Persian technical vocabulary is 
borrowed from Greek, for example, use of Pahlavi spihr, derived from 
Greek sphairos, as the name for the celestial firmament.!Ó The neologism 
that was introduced to denote the planets, however, is strictly Iranian in 
origin and holds considerable interest. 

The word in question is Pahlavi abaxtaran, which means, most literally 
“the backward ones."!" Apparently, this was meant to describe the planets’ 
retrograde motion, which Iranian sages found as profoundly disquieting 
as did Copernicus, Brahe, and Kepler. 


As for the planets [abaxtardn]...they disrupt all the arrangement of time, 
which depends on (the steady rotation of) the zodiacal constellations [axtaran], 
as is apparent to the eye. They invert the relations of up and down, they diminish 
what is increased, and their motion is not like that of the zodiacal constellations. 
For sometimes it is quick, sometimes it is slow, sometimes it is backward-motion 
[abàz rawisn], and sometimes it is stationary.!? 


'4 Thus David Pingree, From Astral Omens to Astrology, from Babylon to Bikaner (Rome: 
Istituto Italiano per l'Africa e l'Oriente, 1997), esp. 39-50, “History of Astronomy in Iran,” 
in Encyclopaedia Iranica, 2:858—62, esp. 859—60, and "Astronomy and Astrology in India 
and Iran,” Isis 54 (1963): 229-46, esp. 241—42; Otto Neugebauer, “The Transmission of 
Planetary Theories in Ancient and Medieval Astronomy,” Scripta Mathematica 22 (1956): 
165-92, esp. 172. 

I5 See, e.g., Pingree, "Astronomy and Astrology in India and Iran,” 241—43, and From 
Astral Omens to Astrology, 39—40. 

16 H, W, Bailey, Zoroastrian Problems in the Ninth-Century Books (Oxford: Clarendon, 
1943; 2nd ed., 1971), 147-48. 

U Wilhelm Eilers, “Stern—Planet—Regenbogen,” in Der Orient in der Forschung: Fest- 
schrift für Otto Spies, ed. Wilhelm Hoenerbach (Wiesbaden: Harrassowitz, 1967), 112-16. 

'8 Greater Bundahisn 5A.9 (TD2 MS 53.15-54.7): “én abaxtaran . . . hamag rāyēnišn 1 
awam ciyón be 6 axtaràn ciyon ca$m-did paydag wisobend. ud ul frodénd ud kast *abzon 
kunénd. u-San rawisn-iz ne ciyon axtaran ce hast ka tez hast i dagrand ud hast ka abaz rawiSn 
hast ka estadag hed." This passage has been much discussed, as has the chapter in which it 
occurs. Inter alia, see the painstaking philological work of D. N. MacKenzie, “Zoroastrian 
Astrology in the Bundahisn,” Bulletin of the School of Oriental and African Studies 27 
(1964): 511-29. 
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Elsewhere in the Greater Bundahisn, the planets are said to be deceitful, 
destructive, demonic, producers of old age and evil.!? Sometimes they 
are accused of stealing light from proper stars." Two forms of action, 
however, reveal their true nature. First, to describe the motion of planets, 
the texts consistently employ the verb dwaristan, which is used only 
with reference to demonic creatures, and which suggests a physically and 
morally defective locomotion that can be awkward, violent, crooked, or 
suspicious: scuttling, slithering, scurrying, or the like.*! Second, given a 
folk etymological derivation of the word abdxtaran (“planet”) from the 
verb baxtan (“to distribute") with a negative prefix (a-), the planets were 
described as nondistributors or, more precisely, as beings antithetical to 
proper distribution, insofar as they give only bad things—death, disease, 
misfortune, and the like??— or, alternatively, they steal good things from 
the signs of the zodiac and give them “not to dutiful worthies, but to 
evil-doers, undutiful persons, prostitutes, whores, and unworthy types."?? 
Further wordplay constituted the planets (ab-axtaran) as the opposite of 
zodiacal constellations (ne axtardn),”* the latter now being understood as 
the “goodness-distributor deities.” Making matters more complex still, 
a homonymous noun abaàxtar denotes the northern direction or quarter, 
north being perceived as “backwards” in Iran because standard orienta- 
tion was facing the south, the direction of warmth, light, and the gods, 
while north—the backwards direction—was associated with cold, death, 
and demons.”° 


19 Greater Bundahisn 6H.0 (TD2 MS 70.12—13): “the lying planets" (druzàn abaxtaran); 
5.4 (TD2 MS 50.1): “the most destructive planets" (murnjénitaran abaxtaran); 5A.9 (TD2 
MS 54.15): “they are demons" (dew hend); 5A.9 (TD2 MS 54.15): “maker of old age and 
harm" (zarmanih ud anagih kardar). 

20 [bid., 5A.9 (TD2 MS 54.8-11): “This light of [the planets] is revealed to be the same 
light of Ohrmazdean creatures, in the same manner of evil men who are dressed in soldiers' 
uniforms or like the light in the eyes of vermin” (u-San en roSnih u-$ paydag ham-ro&nih i 
Ohrmazdig handazag wattaran ke paymozan i spah paymoz hend ciyon ro&nih andar ca’m i 
xrafstaran). Compare Skend Gümanig Wizar 4.21—27. 

?! Greater Bundahisn 5A.3 (TD2 MS 52.1), 27.52 (TD2 MS 188.2); Skend Gümanig 
Wizàr 4.30. 

22 Menag i Xrad 8.17, 8.20. 

23 Skend Gümanig Wizàr 4.27: “nē © xwēškārān arzánigàn bé 6 winahkaran axwēškārān 
jehan rospigan anarzanigan baxšēnd ud dahénd.” Compare Menog i Xrad 12.8—10, conceiv- 
ably also Dādestān i Dénig 36.44. 

7* Greater Bundahisn 5A.9 (TD2 MS 54.7-8): “The planets [abüxtarün] are thus named 
*non-zodiacal constellations’ [ne axtaràn]" (u-San abaxtaran namih ed hast nē axtaran hend). 

25 Skend Gümanig Wizār 4.7: “bagan i nékih baxtaran.” Compare Menog i Xrad 8.17, 
12.8-10; Skend Gümanig Wizàár 4.5-10; conceivably also Greater Bundahisn 26.32 (TD2 
MS 166.12-15). The opposition of planets and zodiacal constellations is thematized at 
Menog i Xrad 8.17—21, 12.7; Greater Bundahisn 4.27 (TD2 MS 45.6-8), 5.4 (TD2 MS 
49.15—50.7), 54.3 (TD2 MS 51.14-52.7), 5A.9 (TD2 MS 53.15—54.8), and 6H (TD2 MS 
70.12-71.1). 

26 As the name of a cardinal direction, Pahlavi abāxtar derives from Avestan apáxtara-, on 
which see Christian Bartholomae, Altiranisches Worterbuch, reprint ed. (Berlin: de Gruyter, 
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Here, one perceives the gradual elaboration of a dense and complex 
symbolic construct, the general nature of which was determined at the 
start. All begins with the observation of planetary retrograde motion, 
which is taken to be aberrant, disquieting, demonic. This led to a naming 
operation, as planets were designated abaxtaran, “the backward ones.” 
Tendentious rumination on the significance of that name then produced 
other associations, through which the planets were imagined to be demonic 
in nature, anti-distributors (a-baxtaràán), and antithetical to the zodiacal 
constellations (axtarán), who, in the most pointed contrast, move only in 
orderly circles and only distribute good things to good people. All of these 
binary contrasts were then brought into alignment with countless others, 
when the signs of the zodiac were cast as Ohrmazd's heavenly generals, 
with the planets doing similar service for Ahriman. 


All goodness and its opposite come to people and other creatures via the seven 
(planets) and the twelve zodiacal constellations. As is said in the Religion, the 
twelve zodiacal constellations are twelve generals on the Wise Lord's side; the 
seven planets are seven generals on the side of the Evil Spirit. Those seven 
planets damage all creatures and creation and consign them to death and every 
sort of evil, as those twelve zodiacal constellations and seven planets command 
and arrange the world.” 


IV 


Having arrived at this understanding of what the planets are, Sassanian 
cosmologists faced the task of explaining how they came to be so. Toward 
that end, they developed four different theoretical constructs, three of 
which drew on older Iranian traditions, while the fourth was imported 
from India. First and simplest was the assertion that Ahriman created the 
planets, with the possible implication—never rendered fully explicit— 
that their ominous form of motion is an inheritance from their creator, 


1961; original 1904), cols. 79-80 and texts like Vidévdat 19.1: “From the northern side, 
from the northern regions, the Evil Spirit scurried forth, he of many deaths, the demon of all 
demons" (apaxtarat haca naémat apaxtaraeibiio haca naemaeibiio fraduuarat agro mainiius 
pouru.mahrko daeuuanam daeuuo. Compare Hadoxt Nask 2.25; Vidévdat 7.2, 8.16; and such 
Pahlavi texts as Selections of Zàd Spram 30.48, 30.51; Dàdestàn i Denig 24.5, 32.6; Pahlavi 
Rivadyat accompanying the Dàdestàn i Dénig 31a2, 31c8, 45.1, 58.63; Supplementary Texts 
to the Sayest né-Sayest 12.18, 14.2; and Ardà Wiraz Namag 22.20-23.2. 

27 Ménog i Xrad 8.17-21: “harw nékih ud juttarih i © marddman ud *abàrig-iz dàmàn 
raséd pad 7-ān ud 12-àn ras@d. 12 axtar ciyon pad den 12 spahbéd i az kustag i Ohrmazd an 
7 abaxtar 7 spahbéd 1 az kustag i Ahreman guft estéd. ud harwisp dam ud dahisn oy 7 abax- 
taran tarwénénd ud o margih ud harw anagih abesparénénd. ud ciyon awesan 12 axt[aran] ud 
7 abaxtar[an] brehenag ud rayénag i <ud rayenag 1? géhan hend." Compare Menog i Xrad 
12.4-10. 
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for whom the verb dwaristan is also commonly used.?? Second was the 
attempt to build on the analysis of Yast 8.8, which we considered above, 
and to associate planets with meteors, comets, and other heavenly bodies 
whose motion is unpredictable, disruptive, or irregular. As we saw, the 
Avestan passage described shooting stars as “witches [pairikas], who 
hover between earth and sky;"?? and the Pahlavi texts expanded on this 
terminology, referring to planets as "sorcerors" (yadügan), the constant 
companions of “witches” (Pahl. parigan from Av. pairika-), both of 
whom are given to demonic patterns of movement.?? 

A third line of analysis took its lead from Yast 13.57—58, and its idea 
that the heavenly bodies were originally motionless until the perfect 
peace of creation was disrupted by Ahriman's assault. As we saw, that 
text imagined that the discrete, measured time of history commenced 
when the sun, moon, and stars started rotating, history being understood 
as a long but finite era situated between the very different temporality 
of primordial and final eternities. Going further still, a number of Pahlavi 
texts added a complementary analysis of spatial categories. Thus, having 
launched his assault from the lowest depths of “endless darkness,’ Ahriman 
is said to have crossed the void and moved toward the heavens that cul- 
minate in Ohrmazd's realm of “endless light.?! At the pinnacle of his 


28 Ibid., 12.7: “Then the Evil Spirit created the seven planets that are said to be like 
generals of the Evil Spirit, to take and destroy that goodness from the Wise Lord's creatures 
by assault on the sun, moon, and twelve zodiacal constellations" (ud pas Ahreman an 7 abaxtar 
ciyon 7 spahbed i Ahreman guft estéd pad wisuft bē stadan an nekih az daman i Ohrmazd 
pad petyaragih 1 mihr ud mah ud awesan 12 axtaran dad). Compare Greater Bundahisn 4.27 
(TD2 MS 45.5-10). The verb dwáristan is regularly used of Ahriman, as, for instance, in 
descriptions of his motion toward Ohrmazd's creation, when he launched his primordial 
assault. Thus, Greater Bundahisn 4.10 (TD2 MS 42.4); Denkard 5.24.3; Selections of Zad 
Spram 3.7. 

7? Yast 8.8: “pairika . . . ya stard koromA patanti antaro zam asmanomca.” 

30 Skénd Gümanig Wizar 4.9-10: “The seven stars and the witches-cum-shooting stars 
[parigan] who slither [dwdrénd] beneath them are thieves who distribute in antagonistic 
fashion. The religion names them sorcerors [yadügàn]" (ud haftan star karban parigan i azer 
awesan dwarend appurdaran i jud-baxtaran. ké-8an denig nam yadügan). Compare Greater 
Bundahisn 5.4 (TD2 MS 49.12—50.7), 5A.6—7 (TD2 MS 53.1-9), 27.52 (TD2 MS 188.2-4). 

3! The basic cosmology is sketched out in Greater Bundahisn 1-5 (TD2 MS 2.11-3.5): “It 
is revealed thus in the good religion: Ohrmazd is highest in omniscience and goodness, 
for infinite time always exists in the light. That light is the seat and place of Ohrmazd, which 
one calls *Endless Light.' Omniscience and goodness exist in infinite time, just as Ohrmazd, 
his place and religion exist in the time of Ohrmazd. Ahriman exists in darkness, with total 
ignorance and love of destruction, in the depths. His crude love of destruction and that place 
of darkness are what one calls ‘Endless Darkness.’ Between them a Void existed" (pad weh 
den owon paydàg, Ohrmazd balistig pad harwisp àgahih ud wehih zaman i akanarag andar 
rosnih hamé būd. an rosnih gah ud gyag 1 Ohrmazd hast kē asar roSnih gowed. an harwisp 
agahih ud wehih zaman i akanarag ciyon Ohrmazd wehih ud den zaman i Ohrmazd būd 
hend. Ahriman andar tarigih pad pas-daniSnih ud zadar-kamagih zofr-payag būd. uš zadar- 
kamagih xàm ud an tarigih gyag hast kē asar tarigih gowéd. u-šān mayan tuhigih būd hast). 
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success, the Evil Spirit actually invaded the lower portions of the heavens, 
where he seized some of the stars, and he dragged these down into the 
void when he was forced to retreat.?? As a result of this, both void and stars 
are transformed. The void now receives matter and becomes a mixture of 
matter and nothingness, being and nonbeing, light and darkness, a spatial 
complement to historic time. In similar fashion, the displaced celestial 
bodies that previously were the lower stars now become planets, which 
stagger and lurch as they move, having initially been set in motion by the 
violence of the Evil Spirit. In their new domain these are entities of de- 
cidedly ambiguous character: matter out of place, alternating unpredict- 
ably between backward and forward motion (table 3). 

If this last narrative construed the planets as originally having been 
Ohrmazdean creations, but regrettably corrupted by Ahriman's acts, a 
final theory inverted this image. Here, the planets are Ahrimanian in 
origin, thus intrinsically threatening and evil. Their retrograde orbits, far 
from being the product of the Evil Spirit's aggression, reflect Ohrmazd's 
efforts to keep their sinister power under control. Thus, making use of 
astronomical imagery developed in India, certain Sassanian cosmologists 
imagined that the Wise Lord used a set of cords to rein in the unruly 
planets.?? 


And the Creator, the Wise Lord, in order not to abandon these five planets to 
their own desires, tied each of them with two cords to the sun and moon, and 
that is the cause of their forward-motion and backward-motion. The length of 
some is longer, like Saturn and Jupiter; that of others lesser, like Mercury and 
Venus. When they get to the end of the cord, then they are pulled back. They 
are not permitted to go according to their own desires, so that they do not damage 
the creation.*4 


V 


The Zoroastrian tradition represented in the Pahlavi books apparently 
saw no need to adjudicate among these theories, which were not rivals 
in any serious sense, merely alternative ways to explain a phenomenon 


32 Three texts preserve different versions of this story. The relations among the variants 
are as shown in table A1 in the appendix. 

53 Most fully on the theory of celestial cords and its historic diffusion, see Antonio 
Panaino, Tessere il Cielo. Considerazioni sulle Tavole astronomiche, gli Oroscopi, e la 
Dottrina dei Legamenti tra Induismo, Zoroastrismo, Manicheismo e Mandeismo (Rome: 
Istituto Italiano per l'Africa e l'Oriente, 1998). 

34 Skénd Gümanig Wizār 4.39-44: “ud én 5 abaxtar dadar Ohrmazd xwēš-kāmagīhā 
né histan ray harw ek pad 2 zih o Mihr ud Mah bast estend. u-San fraz-rawiSnih ud abaz- 
rawisnih az ham cim, hast ke-$ drahnay i an i draztar ciyon Kéwan ud Ohrmazd, ud hast ē 
kastar ciyon Tir ud Anahid, harw ka 6 abdom i zih Sawénd pad pas abaz ahanjend. u-šān 
xwes-kamagiha raftan ne hilend." Compare Greater Bundahisn 5A.6-8 (TD2 MS 53.1-14), 
which includes calculations taken directly from Indian sources. 
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TABLE 3 
PARALLEL ANALYSES OF TIME AND SPACE IN AVESTAN AND PAHLAVI SOURCES 


Yast 8.8: Greater Bundahisn 4.10 et al. 
Analysis of Time Analysis of Space 

Bracketing domains Primordial eternity Endless light 
of infinite, but (open to beginnings) and (open to the above) and 
unidirectional Eschatological eternity Endless darkness 
extent (open to end) (open to the below) 

Intermediate zone, Historic time, which begins Primordial void (tuhigih), situated 
bounded in both with the demonic assault beneath the realm of endless light 
directions and ends with the and above that of endless darkness 

Renovation (fras6.karati) 

Definitive role of Historic time begins when The void becomes intermediate space, 
celestial bodies sun, moon, and stars characterized by mixture, when 
with regard to begin to rotate, having Ahriman drags the lower stars 
the intermediate been set in motion by the down from the heavens to this zone, 
zone demonic assault where they become planets 


sufficiently fascinating and troublesome to have stimulated a wide range 
of speculation. Clearly, when information regarding the retrograde motion 
of planets was introduced to the Sassanian court, it prompted interest, 
discussion, and ferment. It did not, however, occasion crisis in anything 
approximating Kuhn's sense. The question is: Why not? At a certain level, 
this seemingly simple question begs for a general theory of the difference 
between those styles of cosmology we are inclined to call “religious” 
and those we regard as "scientific": a topic much too vast for the current 
context. And yet there are a few observations we can make that offer sig- 
nificant insight into the broader question. 

Here, I would begin by observing how a cosmology that includes a 
robust category of the demonic is able to treat aberrant phenomena with 
no apparent sense of crisis and, what is more, can accommodate such 
data in ways that actually make them ratify its basic assumptions. Con- 
fronted with evidence of celestial bodies that moved in a weird, disquiet- 
ing fashion, Sassanian cosmologists thus explored various explanatory 
options, all of which constituted the planets' retrograde motion as one 
more example of the well-known fact that Ahriman's aggression has dis- 
rupted the perfect order of Ohrmazd's creation. Rather than challenging 
or destabilizing this first principle of Zoroastrian orthodoxy, retrograde 
motion was made to validate and support it. With modest ingenuity, knowl- 
edgeable experts can disarm and appropriate virtually any peculiarity by 
consigning it to the category of “the demonic,” just as a robust category 
of the miraculous does similar service in other styles of cosmology.*° 


35 The classic study of Zoroastrian demonology remains Arthur Christensen, Essai sur la 
démonologie iranienne (Copenhagen: E. Munksgaard, 1941). For the nature of demonology 
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If this is so, one might imagine it is only among groups within which 
appeals to the demonic and the miraculous are no longer attractive that 
aberrant phenomena can be constituted as "anomalies," in Kuhn's sense 
of the term, that is, phenomena that may seem unnatural only because 
one's understanding of them—and of nature—is somehow defective and 
in need of correction. A double restructuring of the category of "nature" 
thus separates Brahe and Kepler from the authors of the Bundahisn, Skend 
Gümanig Wizar, and Menog i Xrad and makes possible the emergence 
of that which we now call “science.” In the first place, the category of 
nature expands to encompass all that previously lay outside its grasp in 
such privileged categories as the miraculous and the supernatural. In the 
second place, nature contracts to deny the reality of all that was previously 
placed—or place-able—in its own specialized subcategory of the demonic, 
and demands that these phenomena now be explained by the same prin- 
ciples that govern the rest of nature. 

The shift from a “religious” to a “scientific” regime of truth thus in- 
volves and depends on revisions in the categories of the miraculous, the 
demonic, and the natural.?? Beyond this, one must note the increased 
importance of empirical observation, mathematical calculation, signifi- 
cant changes in the protocols of research and theory, also in the economy 
of prestige and politics of reputation within the sciences, such that inno- 
vation, discovery, challenges to authority and to tradition, paradigm 
shift, individual genius, and scientific revolution all came to be positively 
valorized. What is more, the emergent value of novelty in all these forms 
came to be endowed with a set of mythologies, like the good story of 
Brahe and Kepler, wherein the great destabilizers are treated as heroic 
figures who opened the way to better, higher, newer, truer, purer, surer 
Knowledge—or, to put it differently, stories in which the wobbly, anom- 
alous, retrograde planets appear not as demons, but as saviors. At the same 
time, older stories, such as those in which the orderly rotation of the 
zodiacal constellations figured as signs of divine perfection, benevolence, 
and harmonious order now go largely untold. Lacking anomalies, surprise, 
and novelty, they hold little dramatic interest and, accordingly, are con- 
signed to children's literature and the tedium of “normal science.” 


University of Chicago 


as a systematic discourse that played a role of great importance in Europe through the 
seventeenth century, see Stuart Clark, Thinking with Demons: The Idea of Witchcraft in 
Early Modern Europe (Oxford: Oxford University Press, 1997). 

36 On the way revised understandings of natural philosophy as a part of religious discourse 
paved the way for crucial developments in the history of science, see Stephen Gaukroger, 
The Emergence of a Scientific Culture: Science and the Shaping of Modernity, 1210-1685 
(Oxford: Oxford University Press, 2006). 


APPENDIX 
TABLE Al 


Selections of Zad Spram 1.31—33 


Greater Bundahisn 4.10 


Skénd Gümanig Wizar 4.16 


At the same time the Evil Spirit, 
together with his associated 
powers, came to the star station. 
[pad ham zaman Ahriman az 
ham-zo<h>ran hammis bē o star 
páyag àmad.] 


The base of the sky is kept in the 
star station. 

[bun i asmàn i pad star páyag 
*dast.] 


He pulled it out from there to the 
void, outside the foundation of 
the lights and darknesses, 


[az anoh frod 6 tuhigih Ghixt i 
*beron i bunist i rosnàn ud tàràán] 


to the place of battle, where there 
is the motion of both. 

[ud gyàg i ardig ke-s tazisn i 
harw doàn pad-is.] 

And that darkness he kept with 
himself, he brought that to the 
sky. 

[u-š tárigih i abag xwes * dàst 
andar 6 asmān àwurd.] 


The sky was pulled so far into 
darkness that within the vault of 
the sky, just one third reached 
above the star station. 

[asmàn owon 0 tom Ghixt kū 
andaron i askob i asman cand 3 
ék-é azabar star pàyag bē rased.] 


Then the Evil Spirit, together with 
powerful demons, came against the 
lights. 

[pas *ayed Gannag Menog abag 
hammis déwan abzārān o padiragih 
rosnàn.] 


He saw the sky, which was shown to 
him spiritually, even if it was still not 


created in bodily/material fashion. 
[did Gn-isn menogihà nimüd ka ne 
astomand ddd ested.] 

Enviously and desirously, he 
attacked the sky, which stood in the 
star station. 

[arésk kamagiha tag abar kard 
asmün pad *star pàyag estád.] 

He led it down to the void, which, 
as I wrote at the beginning, was 
between the foundation of the lights 
and the darknesses. 

Lfrod o i tuhigih haxt ahy-m i pad 
bun nipist kü andarag i bunistag i 
rosnan ud tomigàn büd.] 


He stood as if one third above the 
star station, from inside the sky. 
[owon kü abar azabar i *star payág 
az andaron asmān tà 1/3 be estàád.] 


as the Lie leapt toward his 
lights 

[ciyon-is oy druz 0 rosnàn 
frazast] 


and he was ensnared, so that 
all his powers and instruments, 
sins and lies of many species, 
are not left to pursue 
individually the accomplish- 
ment of their own desire, they 
are mixed with the material 
existence of the lights, 

[ud pécid adag-iY hamàg zoran 
abzaran Gsan bazagün druzün 
i was-sardag jud-jud pad xwes 
kāmišnkārīh ne histan ray hast 
10 gétih i rōšnān gumextag] 


